INTRODUCTION
============

As the population of obese people continues to increase in Korea, an increasing number of patients are attempting to lose weight by exercise therapy, medicine, gastric band surgery, or gastrectomy. As a consequence, patients undergo massive weight loss, which may lead to skin laxity and deformation of the body contour. The surgical procedure to correct these problems is called \"body contouring surgery.\" Our previous studies on this subject have introduced this in the form of belt dermolipectomy \[[@B1]\] and lower body-contouring with a thigh lift \[[@B2]\]. Here, brachioplasty is presented as an extension of the aforementioned surgeries. In the United States, 15,457 brachioplasty surgeries were performed during 2012, a rapid increase compared with the 338 surgeries in 2000 \[[@B3]\]. Most of the patients underwent brachioplasty and other body contouring surgeries, such as abdominoplasty, thigh lift, breast reduction with mastopexy, and belt dermolipectomy, at the same time or serially as needed. Because there could be skin hooding of lateral parts in the inverted V-shape in patients who had massive weight loss ([Fig. 1](#F1){ref-type="fig"}), it is important to surgically correct the laxity of lateral parts by brachioplasty for good cosmetic results. If the patient had serious lateral laxity, with bat wing deformity in the axilla and prominent skin sagging of the upper lateral body, then this was corrected at the same time. Here, we introduce methods and the possible errors that can occur during the brachioplasty procedure, based on our experience of performing various body contouring surgeries at our center.

METHODS
=======

From November 2009 to August 2011, a total of five brachioplasties were performed. Depending on the status of the patients, abdominoplasty, thigh lift, and breast reduction with mastopexy were performed at the same time or serially. [Table 1](#T1){ref-type="table"} provides details on the cases presented in this paper. When the patient exhibited sagging of the lateral inframammary crease and bat wing deformity in the axilla, then extended brachioplasty was performed; in particular, the surgery simultaneously corrected the deformation of the axilla and the lateral chest. When the issue was solely skin laxity in the upper arms, a traditional brachioplasty was performed.

Preoperative design
-------------------

Patients whose weight remained stable for more than six months were selected as subjects for the operation. The most important factor for successful surgical outcomes was preoperative planning of the surgery. After the surgeons conferred with the patients, the extent of the procedure was decided 1 day before the operation to allow a thorough prior discussion of the surgery. The patient was first checked for bat wing deformity by holding both arms straight out at a 90° angle from her body in the standing position. This was followed by marking of the medial epicondyle, axillary crease, and inframammary crease line. In addition to the normal inframammary fold, patients may have additional creases due to skin laxity deformation. Herein, the term \"inframammary crease\" is used instead of \"inframammary fold\" in order to avoid confusion. Next, a line connecting the medial epicondyle and the middle point of the axillary crease was drawn, through which the pinch test was performed from the distal to the proximal portion in order to roughly estimate the extent of the area for resectioning. A solid midline of the rough resectioning area was drawn, and then, the incision line was marked with another colored pen ([Fig. 2A](#F2){ref-type="fig"}). A cross-hatch marking was used to facilitate the approximation of the margin after incision and resectioning, which was performed at a later time. During the preoperative planning stage, it was important to keep in mind that if the incision line was extended more distally (i.e., past the medial epicondyle), the medial antebrachial cutaneous nerve innervating the forearm could become injured; scar contracture of the joint in this case may lead to restriction of the range of motion of the elbow.

For patients with bat wing deformity in the axilla, a line was drawn that connected both ends of the axillary crease and the lateral inframammary crease. These patients had skin laxity and ptosis of the breasts in most cases. When these problems were not severe, liposuction was usually sufficient; however, severe cases required breast reduction with mastopexy. In cases in which breast reduction and brachioplasty were performed simultaneously, a line was drawn connecting the extension of the posterior edge of the axillary crease line and the lateral inframammary crease; additionally, a line was drawn that connected the extension of the anterior edge of the axillary crease and the upper line of the breast mastopexy design. The extent of the area for resectioning of the lateral chest tissue was determined by a pinch test. We were careful to ensure that the designed line did not pass the lateral inframammary crease because this might cause lateralization of the breasts and lateral slanting of the newly formed inframammary fold after surgery. After completing the surgical design, the upper arm was divided into four equal parts from the elbow to the axilla, and the circumference of each was measured. A clinical photograph was then taken. [Fig. 3](#F3){ref-type="fig"} shows the illustrations of the preoperative designs for traditional and extended brachioplasty.

Surgical technique
------------------

The patient was laid in the supine position, and her arms were positioned at a 90° angle. The distance between the patient\'s head and the ventilator allowed sufficient room for the procedure. If required, liposuction was performed during the operation, followed by brachioplasty. The surgeons first incised the anterior line of the designed ellipse and then continued to dissect into the upper layer of the muscle fascia. It is important to avoid damage to the muscle fascia because major vessels and nerves are present in the deeper fascial layers. As the dissection approached the axilla, the surgeon dissected saving the tissue of the deep fat layer as much as possible to prevent injury to the lymphatic vessels, intercostobrachial nerve, and medial cutaneous nerve. After passing the designed midline, the range of dissection was widened, taking care not to exceed the optimal range. The optimal range was determined by taking into account the tension that would be exerted when closing the wound. After checking the ability to close the wound without excessive tension, the posterior line of the designed ellipse was incised in quarters. In this step, the wound was temporarily fixed with metal skin staples to allow the estimation of the tension upon closure.

In extended brachioplasty, the incision was extended to the lateral chest wall and breast. The surgeons first incised the anterior line of the design and then proceeded with the dissection while checking the wound closure. The dissection included the upper layer of the muscle fascia. Because in most cases the inframammary creases were not appropriately located in the lateral portion, the surgeon made a new inframammary fold at a suitable site by attachment of the skin flap to the muscle fascia using a Vicryl 3-0 suture. As mentioned in our previous reports, unlike other surgeons, we did not perform undermining; this minimized the likelihood of hematoma formation and allowed for faster recovery times \[[@B1],[@B2]\]. Closed-suction drains were inserted in the resected area, and the deep fascia and the subcutaneous layer were closed using Vicryl 3-0 sutures. When there was no evidence of problems with the skin approximation, the skin was closed with adhesive strips ([Fig. 2B](#F2){ref-type="fig"}). However, when the approximation was not clear, the skin layer was closed with nylon 4-0 sutures.

RESULTS
=======

In all cases, the drain was removed less than 7 days after the operation, and there were no complications, such as hematoma formation or nerve injury. There were some cases of partial wound dehiscence due to tension; however, this was resolved by secondary healing. Most of the patients presented hypertrophic scars during the follow-up, but in general, all of the patients were satisfied with the dramatic improvement in their upper arm contour ([Fig. 4](#F4){ref-type="fig"}). One patient underwent extended brachioplasty; however, axillary bulging remained after the operation. In this case, the bulging was corrected during a subsequent thigh lift surgery, and the patient was satisfied with the outcome.

DISCUSSION
==========

In the United States, 15,457 brachioplasty surgeries were performed during 2012, compared with only 338 surgeries during 2000 \[[@B3]\]. However, unlike that in the United States, the obesity rate in Korea has begun to increase only recently; thus, the number of body contouring surgeries has thus far been low. As the obese population in Korea increases, due to the westernization of Koreans\' diet, the number of such body contouring surgeries performed is expected to increase. This is also in line with the increase in other plastic surgery procedures, such as those for the eyes or nose. In this situation, it is important to accumulate knowledge and experience of body contouring surgeries such as brachioplasty.

Similar to other body contouring surgeries, the brachioplasty procedure must be carefully designed beforehand. First of all, it is important to precisely set the midpoint of the medial epicondyle of the elbow and the axillary crease. If the midpoint is set appropriately, it is possible to minimize the scars seen from the anterior or posterior direction when the patient is standing still. Further, the surgeon should decide the exact extent of the area to be resected (with breast reduction or to the lateral chest wall) depending on the patient\'s condition and preferences. Counseling on the expected changes in the body contour following surgery is critical during the preoperative physical examination (e.g., whether or not a patient with bat wing deformity should proceed with the surgery). The extent of surgery has a marked effect on its design. If the surgery is to be extended to the lateral chest and breasts, then it is referred to as \"extended brachioplasty.\" In this case, the procedure should be designed not to pass the lateral side of the inframammary crease, in order to prevent lateral slanting on the newly formed inframammary fold and/or the lateralization of the breasts.

The duration of the brachioplasty procedure should be appropriate. If the surgery becomes prolonged, then the likelihood of swelling is increased, making it more difficult to close the wound. In this case, if closing the wound is forced, the compartment syndrome might occur. Thus, it is important to prepare for the surgery 1 day prior and simulate the procedure beforehand to shorten the duration of the operation.

It is also important to avoid nerve injury. To this end, it is beneficial to dissect superficially into the muscle fascia. Further, it should be ensured that the incision does not pass the elbow in order to avoid injuring the medial antebrachial cutaneous nerve innervating the forearm. Moreover, dissecting the axilla too deeply may cause injury to the lymphatics, intercostobrachial nerve, and medial cutaneous nerve innervating the upper arm.

Some studies reported an upper body lift following a brachioplasty procedure \[[@B4]\]; however, we did not perform an upper body lift if the patient had undergone a spiral thigh lift or belt dermolipectomy. In a circumferential body with serious skin laxity, we observed that if one body contouring surgery had been performed (i.e., an upper body lift, belt dermolipectomy, or spiral thigh lift), then the other two surgeries were not necessary. Our patients received either a belt dermolipectomy or a spiral thigh lift; thus, there were no cases in which both an upper body lift and brachioplasty were performed during the same procedure.

In a spiral thigh lift or classic medial thigh lift procedure, the lower skin flap is hung by the periosteum or deep fascia in many cases to prevent sagging after the operation. However, brachioplasty or the correction of lateral chest wall laxity holds the skin horizontally, similar to the vertical medial thigh lift; thus, the effect of lifting could be maintained without the skin flap being hung by other lifting tissue.

We did not undermine the skin flap during dissection. This was based on past trial-and-error, as well as our concern that excessive undermining raises the probability of hematomas or seromas, and could prolong hospitalization \[[@B1],[@B2]\]. In previous reports, hematomas or infections were common complications after brachioplasty \[[@B4],[@B5],[@B6]\], with 25% to 40% reporting major complications after surgery and 3% to 25% requiring a second operation \[[@B7],[@B8],[@B9]\]. For the cases presented here, although the number is quite small, no major complication occurred; this was attributed to the minimization of the undermining of the skin flap.

Massive weight loss of extremely obese people may cause general skin laxity of the body; thus, in most cases, various body contouring surgeries are required. In particular, when performing brachioplasty, a greater degree of completion could be achieved by means of careful design and cautious surgical technique to minimize complications.
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![A 37-year-old woman\'s body contour (case 3)\
Inverted V deformity after massive weight loss. (A) Anterior view. (B) Posterior view.](aps-41-271-g001){#F1}

![Example of preoperative brachioplasty design (extended form)\
The extent of tissue to excise was determined by pinching the patient in a standing position. (A) Marking by the pinching method is seen here. (B)The closed wound is shown (postoperative day 7).](aps-41-271-g002){#F2}

![Illustrations of our preoperative design\
(A) Traditional brachioplasty. (B) Extended brachioplasty.](aps-41-271-g003){#F3}

![Preoperative and postoperative clinical photographs\
Patients satisfied with their improved upper arm contour. (A) Case 2 (preoperative). (B) Case 2 (postoperative month 1). (C) Case 3 (preoperative). (D) Case 3 (postoperative 3 months).](aps-41-271-g004){#F4}

###### 

Patient summary

![](aps-41-271-i001)

\"Circumference\" denotes the measurement in centimeters of the perimeter of the upper arm divided into four equal parts. The four figures from the left to the right are those of distal to proximal division. The figures in the top row show the measurement of the right arm, and those in the bottom row illustrate the measurement of the left arm.
